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ABSTRACT 


The utilization of agricultural waste to produce bioethanol proves to be an alternative energy source for the limited non renewable 
energy and a dependable substitute for food crops. Though the process has several challenges and limitations such as biomass 
transport and handling, efficient pre-treatment methods, high cost based on current technologies which results in low yield and 
high cost of the hydrolysis process. This review highlights different classes of agricultural waste, their sources and the processes 
undergone to produce bioethanol economically. 
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INTRODUCTION 

Energy is one of the most important factors to global pros¬ 
perity, in view of continuously rising petroleum costs and 
dependence upon fossil fuel resources, considerable atten¬ 
tion has been focused on alternative energy resources, hence 
the production of liquid biofuels which has been advocated 
as a sustainable option to tackle the problems associated with 
rising crude oil prices, global warming and diminishing pe¬ 
troleum reserves. 

Bioethanol produced from renewable biomass has received 
considerable attention in current years; it is one means to 
reduce fossil fuel use and emissions of greenhouse gases. 
Using ethanol as a gasoline fuel additive as well as trans¬ 
portation fuel helps to alleviate global wanning and environ¬ 
mental pollution. It is a high octane number biofuel which is 
produced from fermentation of com, potatoes, grain (wheat, 
barley and rye), sugar beet, sugar cane and vegetable resi¬ 
dues. [1-3] 

In the last decade, most researchers tend to focus on devel¬ 
oping an economical and ecofriendly ethanol production 
process. Much emphasis is being given to the production 
of ethanol from agricultural and forestry residues and other 
forms of biomass since they are most abundant and renew¬ 
able resources on earth, which makes them attractive for pro¬ 
duction of ethanol. 


Fermentation of sugar-based raw materials is referred to as 
“first generation” bioethanol, whereas the use of lignocellu- 
loses raw materials is commonly called “second generation” 
bioethanol. The “third generation” of algal bioethanol is at 
an early stage of investigation. Further the cellulosic plant 
material represents an as-of-yet untapped source of ferment¬ 
able sugars for significant use, especially non-food agricul¬ 
tural waste products like wheat straw, rice straw, baggasse, 
rice husk etc. Hence, second generation ethanol is derived 
from lignocellulosic materials. In these waste products, the 
polysaccharides, cellulose and hemicellulose are intimately 
associated with lignin in the plant cell wall. The lignin com¬ 
ponent acts as a physical barrier and must be removed to 
make the carbohydrates available for fiirther transformation 
processes. Bioconversion of cellulosic biomass into ferment¬ 
able sugar, for production of ethanol using microorganisms, 
especially cellulose degrading fimgi, makes bioethanol pro¬ 
duction economic, environmental friendly and also renew¬ 
able. [1, 4, 5] 

Hence, the main objective of this work is to harness the po¬ 
tentials of agricultural waste for the production of bioethanol 
rather than energy crops. [1] 

Agricultural Waste 

Agricultural waste consists of plant biomass wastes (cellu¬ 
lose, hemicelluloses and lignin) grouped into different cat¬ 
egories such as wood residues, grasses, waste paper, agricul¬ 
tural residues and food industries [6-8] 
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Taherzadeh J. M. et al [9] opined that in addition to inorganic 
wastes, different types of polymers such as polyesters and 
polypropylene are available in various waste materials. 

Researchers are more concerned in the production of bioeth¬ 
anol from wastes rather than energy crops because the lat¬ 
ter competes for land and water with food crops to produce 
biofuel. Due to rise in food prices, energy crops are been 
discouraged from its use to produce biofuels due to current 
world wide rise in food prices, to resolve this conflict, it is 
necessary to integrate all kinds of biowaste into a biomass 
economy [10], though, it is mostly wasted in the form of pre¬ 
harvest and post-harvest agricultural handling in the food 
processing industries, due to its abundance and renewability, 
there has been a great deal of interest in utilizing lignocel- 
lulosic waste for the production and recovery of many value- 
added products [11-13] 

Classification of Agricultural Wastes 

Nibedita et al [14] pointed out some major agro wastes as 
the most favourable feed stocks for bioethanol production 
due to their availability throughout the year especially wheat 
straw and com stover which is produced mainly at Asia and 
North America respectively. Lignocellulosic materials are 
renewable, low cost and are abundantly available. It includes 
Agricultural residues (wheat straw, corn Stover), municipal 
solid waste and forestry woody feedstock etc. 

Wheat Straw 

Among the agricultural residues, wheat straw is the largest 
biomass feedstock in Europe. About 21% of the world’s food 
depends on the wheat crop. Hence, wheat straw would serve 
as a great potential feedstock for production of ethanol in 
21st century. Like other biomass that has lignocellulosic 
constituents, it is composed of lignin, hemicellulose and cel¬ 
lulose. [15, 16] 

Corn Stover 

This is what remains on the ground after maize has been 
harvested. This raw material is abundantly available and de¬ 
mands no further investment in biomass, although not all of 
the com Stover can be removed - 30% of it must be left on 
the ground to prevent erosion (by facilitating water infiltra¬ 
tion and reducing evaporation), and as the main source of 
soil organic carbon (SOC) in order to preserve the soil’s pro¬ 
ductivity. Com Stover contains polymeric hemicellulose and 
cellulose, but their biodegradability by glycosidase is strong¬ 
ly inhibited by a small quantity (12-15%) of lignin. [15, 16] 

Municipal Solid Waste (MSW) 

Bioethanol production from food and vegetable industries 
is regarded more than other waste, for instance, fruit peels 
like orange, mango, banana, pineapple etc. Depending on a 


particular area determines the kind of waste generated, hence 
major waste in municipal areas consists of fruit waste, gar¬ 
dening waste, synthetic polymers, metals etc. [17, 18] 

Forestry Woody Feed Stock 

Fast growing short rotation forest trees can play an important 
role as feedstock for bioenergy production. However, forest 
is unevenly distributed. Forest play important environmen¬ 
tal role in preservation of marginal land and reducing CO, 
levels in the atmosphere. Forest woody feedstock account 
for approximately 370 million tons per year of lignocellu¬ 
losic biomass in the US [20], other countries rich in forest 
are for example, Canada, the Russian Federation, Brazil, and 
China. Together, these countries account for more than half 
of the total forest area worldwide. Sources of woody mate¬ 
rials include residues left in natural forest, forestry wastes, 
such as sawdust from sawmills, wood chips and branches 
from dead trees, and cultivated short rotation energy forest 
plantations utilizing several fast growing tree species. There 
are two types of woody materials, softwoods, or hardwoods. 
Softwoods originate from conifers and gymnospenn trees. 

Unlike hardwoods, softwoods possess lower densities and 
grow faster. These trees comprise of evergreen species such 
as pine, cedar, spruce, cypress, fire, hemlock, and redwood. 
Hardwoods are mainly found in the Northern hemisphere 
and include trees such as poplar, willow, oak, cottonwood, 
and aspen. In the US, hardwood species account for over 40 
% of the trees. An advantage of woody biomass over agricul¬ 
tural plants is the flexibility in harvesting times as they do 
not depend on seasonality. Trees also contain less ash com¬ 
pared to crops and are of higher density, due to the thick 
secondary wall, which makes their transportation more eco¬ 
nomical [19-21]. 

Conversion of Agricultural Waste to Ethanol 

In the last two decades, many researchers have worked on 
the conversion of lignocellulosic materials to ethanol exten¬ 
sively and came up with the conversion processes which in¬ 
clude [22-24], 

Hydrolysis of Cellulose in the Lignocellulosic 
Materials 

Cellulose can be hydrolysed using acid hydrolysis which is 
a traditional method and enzymatic hydrolysis (the current 
state of art method). Enzymatic hydrolysis is preferred to 
acid hydrolysis because it runs at a lower temperature, higher 
conversion and environmentally friendly, hence most recent 
research has focused on it. 

The hydrolysis is usually catalyzed by cellulase enzymes, 
cellulase enzyme depolymerize cellulose into fermentable 
sugars, cellulase synthesized by fungi and bacteria work to¬ 
gether to degrade cellulose [25]. 
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Fermentation of Suger to Ethanol 

The best known microorganisms for ethanol production 
from hexoses are the yeast Sacchamyces cerevisiae and the 
bacterium Zymomonas mobilis offering high ethanol yields 
(90-97% of the theoretical) and high ethanol tolerance up to 
ca. 10% (w/v) in fermentation medium [26,27]. 

Pretreatment Technologies for Agricultural 
Waste 

Within the context of production of fuels from biomass, pre¬ 
treatment has come to interpret processes by which cellu- 
losic biomass is made subsidiary to the action of hydrolytic 
enzymes. All naturally occurring, and most refined, cellu- 
losic materials require pretreatment to become accessible to 
the enzymes that mediate hydrolysis. Typically, hydrolysis 
yields in the absence of pretreatment are less than 20% of 
theoretical yields, whereas yields after pretreatment often 
exceed 90% of theoretical. The limited effectiveness of cur¬ 
rent enzymatic processes on softwoods is thought to be due 
to the relative difficulty of pretreating these materials. [28] 

Pretreatment must meet the following requirements: 

• Destroy lignin shell protecting cellulose and hemicel- 
lulose 

• Decrease crystallinity of cellulose 

• Increase porosity 

• Must break this shell for enzyme to access substrate 
(sugar) [28], 

Pretreatments are roughly classified into physical, chemical 
and biological processes. 

Physical Pretreatment 

The first step in using wheat straw for ethanol production is 
size reduction through milling, grinding or chipping which 
can improve the efficiency of downstream processing. How¬ 
ever, use of very small particles may not be desirable due to 
higher energy consumption in milling stage as well as impos¬ 
ing negative effect on the subsequent pretreatment method. 
Initial and ultimate particle size, moisture content and mate¬ 
rial properties are among variables that influence both en¬ 
ergy consumption and the effectiveness of subsequent pro¬ 
cessing [29]. 

Physico-Chemical Pretreatment 

Liquid hot water (LHW), steam explosion (SE) and ammo¬ 
nia fiber explosion (AFEX) are among physico-chemical 
methods investigated for pretreatment of wheat straw further 
illustrated below 

Type- Steam-explosion 

Conditions-Pressure= 2.5-7 MPa. Temperature=180- 
280oC 



Advantages 

• Well known and already used 

• high yields 

• no corrosion problems 

• undesired side products possible 

Disadvantages 

• High energy demand 
Type-Liquid Hot Water 
Condition-Temperature= 170-230°C 

Advantages 

• High yields 

• Less side products than in steam explosion 

• No corrosion problems 
Type-CO, Explosion 

Condition-Pressure is greater than 7.3 MPa. Temperature is 
greater than 31.1°C. 

Advantages 

• Low environmental impact 

• Disadvantages 

• High cost expected 
Type- Ammonia Fibre Explosion 
Conditions - Temperature- 90-100°C 

Advantages 

• Media recoverable 

• Low inhibitor formation 

Disadvantages 

• Environmental issues due to ammonia [29,30] 

Chemical Pretreatment 

Chemical pretreatment for agricultural waste employ dif¬ 
ferent chemicals such as acids, alkalis, and oxidizing agents 
e.g. peroxide and ozone. Among these methods, dilute acid 
pretreatment using H,S0 4 is the most-widely used method. 
Depending on the type of chemical used, pretreatment could 
have different effects on lignocellulose structural compo¬ 
nents. Alkaline pretreatment, ozonolysis, peroxide and wet 
oxidation pretreatments are more effective in lignin removal 
whereas dilute acid pretreatment is more efficient in hemicel- 
lulose solubilization. Acid hydrolysis using inorganic acids 
such as H 2 S0 4 have been used for pretreatment of agriculture 
waste to improve downstream enzymatic hydrolysis. Alka¬ 
line process is based on utilization of dilute bases in pretreat¬ 
ment of lignocellulosic feedstock. Using ooxidizing agents 
in Alkaline/oxidative pretreatment an oxidizing compound 
such as hydrogen peroxide (11,0,) or peracetic acid (C,H 4 0 3 ) 
is used in combination with an alkaline (e.g. NaOH) and it 
is usually carried out under mild temperature. This treatment 
is more effective in improving of crop residue digestibility 
compared with NaOH treatment alone. In Ozonolysis, ozone 
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is used to solubilise lignin and a small fraction of hemi- Cel¬ 
lulose from wheat straw. [31] 

Biological Pretreatment 

Biological pretreatment comprises of using microorganisms 
such as brown-, white-, and soft-rot fungi for selective deg¬ 
radation of lignin and hemicellulose among which white-rot 
fungi seems to be the most effective microorganism. 

The pretreatment types are illustrated further- 

Pretreatment Type- fungi treatment wit fungi 

Organisms Involved-white rot fungi, brown rot fungi, soft 
rot fungi 

Advantages 

• No chemicals required 

• Mild environment conditions 

• Low energy requirements 

Disadvantages 

Slow conversion 

Pretreatment Type- bacteria 

Organism Involved- Sphingomonas paucimobilis, Baillus 
circulans 

Advantages 

• No Chemicals Required 

• Mild Environment Conditions 

• Low Energy Requirements 

Disadvantages 

• Slow conversion [30] 

Challenges 

Currently researchers are looking for possible alternative fu¬ 
els from cheap sources like agricultural wastes, this is faced 
with serious challenge, it is easier to produce bioethanol 
from energy crops, but it is not economically viable since 
the energy crops are consumed as food, during pre-treatment 
process, some inhibitory compounds like weak acids from 
derivatives and phenolic compounds inhibits the subsequent 
process of saccharification and fermentation. These com¬ 
pounds are yield limiting which ultimately affects the cost of 
whole process and now become a big challenge. 

This high price is because of some technological impedi¬ 
ments encountered in all different steps of the process. Pre¬ 
treatment is estimated to account for 33% of the total cost. 
The current leading pretreatment methods for lignocellulosic 
materials are capital intensive, also maintaining a stable per¬ 
formance of the genetically engineered yeasts in commer¬ 
cial scale fermentation operations, developing more efficient 


pretreatment technologies for lignocellulosic biomass, and 
integrating the optimal components into economic ethanol 
production systems. 

Also on report, that global demand for food and for trans¬ 
portation fuels is expected to increase more than 50 times, 
so there is a great need for renewable energy supplies that 
do not compete with food supply. Biofuels produced from 
agricultural residues such as underutilized cellulosic materi¬ 
als are likely to be more useful and economical feasible [19]. 

Hence it is very important to control the production of these 
compounds, review the cost of the pretreatment process and 
encourage the use of agricultural waste. [32] 


CONCLUSION 

It has been proven that conversion of agricultural wastes to 
bioethanol has paved way for underutilised resources and en¬ 
couraged environmental sustainability, hence ethanol-from- 
cellulose (EFC) holds great potential due to the widespread 
availability, abundance, and relatively low cost of cellulosic 
materials biomass resources, nevertheless biological pre¬ 
treatments should be encouraged because it is safe, envi¬ 
ronmentally friendly and less energy intensive compared to 
other pretreatment methods. 
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